INTRODUCTION
============

Inflammation is a major response to infection and is induced by several stimuli, including physical damage, microorganisms, and the immune response \[[@B1]\]. Accumulating evidence also indicates that chronic inflammatory processes can contribute to the development of various diseases, including cancer, type 2 diabetes, atherosclerosis, rheumatoid arthritis, and inflammatory bowel disease (IBD) \[[@B2],[@B3]\]. Macrophages are innate immune cells which play a critical role in regulating various immunopathological conditions of the inflammatory process by releasing factors that mediate inflammation \[[@B4]\]. In particular, macrophages are activated by pro-inflammatory substances such as the endoxocin, lipopolysaccharide (LPS), which is a structural component of the outer wall of gram-negative bacteria. Following stimulation by LPS, macrophages produce inflammatory mediators via the activation of several intracellular signaling pathway, including nuclear factor-κB (NF-κB) pathway \[[@B5]\]. This reaction initiates amplification of the inflammatory responses and is essential for the defense system of a host \[[@B6]\].

NF-κB is a transcription factor that plays a critical role in the overproduction of inflammatory mediators by macrophages in response to LPS \[[@B7]\]. For example, in resting cells, NF-κB is retained in the cytosol by inhibitory κB (IκB), which blocks the nuclear localization signal of NF-κB \[[@B8]\]. However, when IκB is phosphorylated in response to various stimuli and is subsequently degraded by the proteosome, NF-κB (p50-p65) heterodimers can translocate to the nucleus and activate gene expression. In particular, cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) are activated with the latter associated with cell damage, organ damage, enhance blood vessel expansion, and the inflammatory response by macrophages \[[@B9]\]. In addition, interferon-gamma (IFN-γ) is sequentially induced by iNOS, resulting in the modulation of macrophage activation and differentiation in combination with LPS \[[@B10]\]. Other pro-inflammatory mediators are also triggered by NF-κB activation, and these include interleukin-6 (IL-6), tumor necrosis factor α (TNF-α), and prostaglandin E~2~ (PGE~2~) \[[@B11]\]. Synthesis of PGE~2~ is caused by up-regulation of COX-2, which also mediates various inflammatory processes \[[@B12]\]. Therefore, treatments that provide targeted inhibition of NF-κB signaling may be therapeutic for various inflammatory diseases \[[@B13]\].

There are several natural antioxidant polyphenol compounds and carotenoids that have been shown to directly inhibit the expression of NF-κB-dependent pro-inflammatory mediators, including iNOS, COX-2, IL-6, and TNF-α \[[@B10],[@B14]\]. In particular, both *in vitro* and *in vivo* studies have demonstrated the anti-inflammatory effects of plant-based bioactive components such as quercetin, kaempferol, and epigallocatechin-gallate (EGCG) from flavonols, and naringenin from flavones \[[@B15],[@B16]\]. In addition, it has been reported that carotenoids (β-carotene and lycopene) are able to inhibit the activation of NF-κB signaling \[[@B17]\]. Thus, dietary plant extracts possess anti-oxidative and radical scavenging activities, and these can play an important role in the absorption and neutralization of free radicals \[[@B18]\]. Correspondingly, the suppressive effects of these antioxidant compounds on the production of inflammatory mediators are associated with their antioxidant activities, including the inhibitory capacity of eicosanoid generating enzymes \[[@B19]\].

The traditional Korean diet contains few animal-derived foods and many types of vegetables \[[@B20]\]. This vegetable-rich culture remains dominant in Korea, and this is hypothesized to positively affect many chronic diseases \[[@B21]\]. Correspondingly, several epidemiological studies have reported that a traditional Korean dietary pattern is associated with a lower prevalence of chronic diseases, infectious diseases, metabolic syndromes, obesity, coronary heart disease, and cancer compared to Western dietary pattern \[[@B22],[@B23]\]. Furthermore, it has been suggested that the anti-oxidant and/or anti-inflammatory potential of the Korean diet is due to the abundance of phytochemicals, vitamins, and carotenoids that are present in plant-derived foods. Although previous anti-inflammatory studies of the Korean diet have focused on a single nutrient or food, including Kim-chi, soybean paste, and capsicum paste \[[@B24],[@B25]\], the anti-inflammatory effects of a Korean diet overall remains poorly understood.

Therefore, in the present study, extracts of the plant foods that are commonly consumed in plant-based Korean diet were prepared in order to evaluate the anti-inflammatory effects of these foods, as well as the effects of these foods on the NF-κB pathway and related inflammatory mediators that are produced in response to LPS in mouse macrophage cell line, RAW264.7.

MATERIALS AND METHODS
=====================

Preparation of plant-based Korean food extracts (PKE)
-----------------------------------------------------

The plant food intakes of the Korean diet were estimated using raw data from the Korea National Health and Nutrition Examination Survey (KNHANES V, 2009-2011) \[[@B26]\]. The KNHANES (2009) was a nationwide representative study of a total of 8,027 subjects that were older than 1 year of age. Seventy-five individual plant-based food items were identified that represented over 1% of the total food intake of the typical Korean diet. These food items represent the dietary intakes those were estimated per person, per day of each food item examined from the average Korean diet. The individual foods were purchased at different local supermarkets and were grouped into ten food groups as follows: cereals, potatoes, legumes, vegetables, kimchies, mushrooms, fruits, nuts, seaweeds, and oils. To represent the total per capita daily intake of foods in the Korean diet, the following categories with their total weights were established: cereals (total: 238.4 g), vegetables (total: 175.0 g), legumes (total: 34.5 g), potatoes (total: 33.0 g), kimchies (total: 100.9 g), mushrooms (total: 4.9 g), nuts (total: 2.7 g), fruits (total: 165.6 g), and seaweeds (total: 11.7 g). From these categories, samples were freeze-dried, ground, and stored in duplicate prior to analysis. Vegetable oils (total: 5.5 g) were also analyzed individually and included soybean oil, sesame seed oil, wild sesame seed oil, rape seed oil, and corn oil.

Among the groups, a total mixture of ten groups (Mix), a vegetable group (Veg), and a fruits group (Fruit) were high in diphenylpicrylhydrazyl (DPPH) radical scavenging activity (unpublished data). Therefore, we used these three groups for the experiments in the present study. Eighteen types of vegetables, including onions, red peppers, tomatoes, cucumbers, green onions, Chinese cabbage, soybean sprouts, squash, radish leaves, radishes, lettuce, spinach, carrots, sesame leaf, garlic, bracken, cabbage, and leeks were included in the Veg PKE. The Fruit PKE contained ten fruits, including apples, citrus fruits, pears, water melons, grapes, persimmons, muskmelons, strawberries, peaches, and Japanese apricot. The food items that were included in the Mix were reported by Lee at al. \[[@B27]\]. Samples were prepared according to the total daily per capita intake of solid plant food that has been reported for the Korean diet.

To prepare extracts of each group, one gram of each ground plant food sample was placed in a test tube with 40 ml methanol/water (50:50, v/v), and the pH was adjusted to 2.0 using 2 N HCl. The tubes were then thoroughly shaken at room temperature for 1 h and centrifuged at 2500 × g for 10 min. Supernatants were subsequently collected and mixed with 40 ml acetone/water (70:30, v/v), and shaken for another hour. After centrifugation at 2500 × g for 10 min, both methanol and acetone extracts were combined. The mixed solution for each sample was stored at -80℃ until they needed.

Cell culture and sample treatment
---------------------------------

The RAW264.7 macrophage cell line was purchased from the Korean Cell Line Bank (Seoul, Korea) and cultured with Dulbecco\'s Modified Eagle\'s Medium (DMEM) (Welgene, Daegu, Korea). The medium used for subculturing was supplemented with 10% fetal bovine serum (FBS) (v/v, Hyclone, Logan, UT) and 1% penicillin-streptomycin (100 U/ml and 100 µg/ml, respectively; Invitrogen, Carlsbad, CA). Cells were maintained 5% CO~2~ and 37℃. Cells were stimulated with 1 µg/ml LPS (Sigma, St. Louis, MO) and treated with various doses of PKE.

Cell viability assay
--------------------

The cell viability of RAW264.7 cells treated with PKE was assessed using trypan blue exclusion assays. Briefly, cells were seeded in 12-well plates (4.5 × 10^5^ cells/well) and incubated at 37℃ and 5% CO~2~ for 24 h. Cells were then treated with various doses of PKE for 24 h, then cells were trypsinized and stained with 0.4% trypan blue solution (Invitrogen, Carlsbad, CA) at a 1:1 dilution. Stained and unstained cells were counted in three independent experiments for each treatment using a hemocytometer (Marienfeld, Germany), and the proportion of surviving cells was calculated.

Nitric oxide (NO) determination
-------------------------------

NO production was detected by measuring the concentration of nitrite present in culture medium was described previously \[[@B28]\]. Briefly, RAW264.7 cells in 10% FBS-DMEM without phenol red were plated in 24-well plates (3×10^5^ cells/ml). Cells were pretreated with 0, 2, 4, or 8 mg/ml PKE for 30 min, then were treated with LPS (1 µg/ml) or LPS (100 ng/ml) + IFN-γ (10 ng/ml) for 24 h. Nitrate levels were measured in cell culture supernatants using the Greiss reagent (1% sulfanilamide, 0.1% N-1-naphthylethylenediamine dihydrochloride, 5% H~3~PO~4~ solution), and these levels were compared with a nitrate standard curve. An equal volume (100 µl) of cultured supernatant and Griess reagent was gently mixed and incubated in the dark for 15 min. Absorbance values at 560 nm were recorded using a microplate reader (Molecular Devices, Sunnyvale, CA).

Measurement of PGE~2~, IL-6, and TNF-α production
-------------------------------------------------

RAW264.7 cells were pretreated with PKE (0, 2, 4, or 8 mg/ml) for 30 min, then were incubated with or without LPS (1 µg/ml) for 24 h. PGE~2~ production was measured using a Parameter assay kit (R&D Systems, Minneapolis, MN), and the production of IL-6 or TNF-α were measured using ELISA kits (R&D Systems, Minneapolis, MN) according to the manufacturer\'s instructions. Results from three independent experiments were used for statistical analyses.

Preparation of cytosolic and nuclear proteins
---------------------------------------------

Cytosolic and nuclear extracts were prepared as described previously \[[@B29],[@B30]\]. Briefly, for cytosolic extracts, cells were pretreated with 0, 2, 4, or 8 mg/ml PKE for 30 min, then were treated with or without LPS (1 µg/ml) for 24 h. Protein lysates were obtained using lysis buffer \[50 mM Tris-Cl (pH 7.5), 1% Nonidet P-40, 150 mM NaCl, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM PMSF, 1 mM Na~3~VO~4~, 1 mM NaF\]. Lysates were centrifuged at 13,000 rpm for 15 min, then supernatants were collected and stored at -80℃.

For nuclear extracts, cells were washed twice with cold PBS, were scraped from plates using cold PBS, and were pelleted by centrifugation. The cell pellets were resuspended gently in hypotonic buffer \[buffer A: 4 M NaCl, 10 mM HEPES (pH 7.9), 10 mM NaF, 0.1 mM Na~3~VO~4~, 500 mM EDTA, 1 mM PMSF, 0.05 mM dithiothreitol (DTT), 10 µg/ml aprotinin, pepstatin 1 mg/ml, leupeptin 1 mg/ml\], then were incubated on ice for 10 min. The cells were subsequently lysed with the addition of 0.05% NP-40 and vortexing for 1 min. After being centrifuged at 13,000 rpm for 10 min at 4℃, resulting cell pellets were resuspended in hypertonic buffer \[buffer C : 20 mM HEPES (pH 7.9), 400 mM NaCl, 1.5 mM MgCl~2~, 0.2 mM EDTA, 0.5 mM DTT, 0.5 mM PMSF, 25% (v/v) glycerol, 1 M benzamidine\], then were incubated on ice for 20 min. Cells were centrifuged again at 13,000 rpm for 3 min at 4℃, and the supernatants were stored at -80℃.

Western blotting
----------------

Western blotting assays were performed as previously described \[[@B28]\]. Briefly, nuclear or cytosolic protein concentrations were determined using a Bradford protein assay (BioRad, Hercules, CA). For detection of iNOS (Santa Cruz, Santa Cruz, CA), COX-2 (Becton Dickinson, Bedford, MA), NF-κB (Cell Signaling, Danvers, MA), p-IκBα (Cell Signaling, Danvers, MA), Lamin A/C (Cell Signaling, Danvers, MA), and α-tubulin (Sigma, St. Louis, MO), total cellular protein (100 µg) was separated using 8-12% acrylamide sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). Proteins were transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA). The membranes were washed three times with Tris-buffered saline containing Tween-20 (TBST) and then were incubated with blocking solution (5% skim milk or 5% BSA) for 1 h. The membranes were incubated overnight at 4℃ with primary antibodies and exposed to horseradish peroxidase-labeled secondary antibodies (Santa Cruz, Santa Cruz, CA) for 1 h at room temperature. Bound antibodies were visualized using enhanced chemiluminescence reagents (Animal Genetics Inc, Suwon, Gyeonggi-do, South Korea). Lamin A/C and α-tubulin were used as loading controls for nuclear and cytosolic proteins, respectively.

Statistical Analysis
--------------------

Results are presented as the mean ± standard error of the mean (SEM) for at least three independent experiments and were analyzed using GraphPad PRISM 3.0 software (GraphPad Software, Inc., SanDiego, CA). The significance of the results were assessed using one-way analysis of variance (ANOVA) followed by Tukey\'s post-hoc test. A *P*-value less than 0.05 was considered statistically significant.

RESULTS
=======

PKE does not affect the viability of RAW264.7 macrophages
---------------------------------------------------------

Many foods that exhibit antioxidant properties also mediate anti-inflammatory effects when they are consumed together. For example, Veg and Fruit groups exhibited higher levels of antioxidant activity than the other food groups assayed, which included cereal, potatoes, legumes, kimchies, mushrooms, nuts, and oils (unpublished data). Consequently, Veg and Fruit groups were further compared with Mix group that included a combination of all ten food groups. For these three groups (Mix, Veg, Fruit), PKE was generated and was used to treat RAW264.7 cells. In these assays, the cell viability of RAW264.7 cells treated with each of the three PKEs was not affected ([Supplementary Fig. 1](#S1){ref-type="supplementary-material"}).

PKE inhibits NO production in LPS- or LPS+IFN-γ-induced RAW264.7 macrophages
----------------------------------------------------------------------------

It is widely known that iNOS produced by macrophages is responsible for the overproduction of NO during the inflammatory process \[[@B31]\]. To investigate whether PKE affect induction of NO in RAW264.7 cells in response to LPS, production of NO was detected following the treatment of RAW264.7 cells with various concentrations of Mix, Veg, and Fruit PKE. As shown in [Fig. 1](#F1){ref-type="fig"}, the treatment of cells with LPS (1 µg/ml) resulted in a 5-fold increase in NO levels in culture medium. In contrast, pretreatment of cells with Mix, Veg, and Fruit PKE significantly decreased LPS-induced NO production in a dose-dependent manner. A comparison of all three PKE at a concentration of 8 mg/ml also showed that inhibition of NO production was the highest for the Mix group ([Fig. 1D](#F1){ref-type="fig"}).

To further elucidate the mechanism by which PKE inhibits NO production by LPS-induced macrophages, iNOS expression was also assayed for RAW264.7 cells treated with Mix, Veg, and Fruit PKE ([Fig. 2](#F2){ref-type="fig"}). Under normal conditions, macrophage express undetectable levels of iNOS protein expression, and these levels markedly increase following LPS treatment. However, following the treatment of RAW264.7 cells with Mix, Veg, and Fruit PKE, down-regulation of iNOS expression was observed after each treatment, and the greatest inhibition was achieved with application of Mix PKE. These results indicate that the inhibition of NO production by PKE tested involves down-regulation of iNOS.

IFN-γ is a cytokine that also plays an important role in macrophage activation and differentiation, and is induced by iNOS in response to LPS \[[@B10]\]. Therefore, RAW264.7 macrophages were individually activated with LPS+IFN-γ, and then were treated with Mix, Veg, and Fruit PKE. Although a significant increase in NO production was observed following LPS+IFN-γ treatment, NO levels were significantly suppressed following treatment with Mix and Veg PKE in a dose-dependent manner ([Fig. 3A, B](#F3){ref-type="fig"}). Furthermore, the pretreatment of cells with 8 mg/ml Mix PKE was found to significantly inhibit the induction of NO by LPS+IFN-γ by 78%. The inhibitory effect of Fruit was slightly less than that of either the Mix or Veg PKE, yet was still statistically significant at all three concentrations assayed ([Fig. 3C](#F3){ref-type="fig"}). In addition, when all three PKE groups were used at 8 mg/ml, cells were treated with Mix PKE exhibited the highest efficacy for NO inhibition ([Fig. 3D](#F3){ref-type="fig"}), while cells treated with Veg PKE were second.

PKE inhibits PGE~2~ production and COX-2 protein expression in LPS-induced RAW264.7 macrophages
-----------------------------------------------------------------------------------------------

It is well-known that PGE~2~ is produced by activated macrophages via induction of COX-2 \[[@B19]\]. To identify the potential anti-inflammatory properties of the Mix, Veg, and Fruit PKE investigated in this study, levels of the pro-inflammatory mediators, PGE~2~ and COX-2 were analyzed following the treatment of activated macrophages with each PKE. While PGE~2~ levels were undetectable in un-stimulated macrophages, PGE~2~ levels increased dramatically following treatment with LPS ([Fig. 4](#F4){ref-type="fig"}). When RAW264.7 cells were treated with Mix, Veg, or Fruit PKE in the presence of LPS, the levels of PGE~2~ decreased for each PKE, although only the 4 mg/ml and 8 mg/mL doses resulted in a significantly decrease in Veg and Fruit group ([Fig. 4A](#F4){ref-type="fig"}). In addition, treatment with 8 mg/ml Mix PKE decreased PGE~2~ production by 55.7%. When all three PKE groups were used at 8 mg/ml, they all suppressed LPS-induced PGE~2~ production substantially ([Fig. 4D](#F4){ref-type="fig"}).

To determine the mechanism by which PKE reduces LPS-induced PGE~2~ production, COX-2 expression was analyzed. While LPS treatment was found to markedly up-regulate expression of COX-2, levels of COX-2 were suppressed following treatment with all three groups PKE groups ([Fig. 5](#F5){ref-type="fig"}). These results suggest that the PKE tested are able to suppress COX-2 expression, and this corresponds with the dramatic decrease in levels of PGE~2~ that were also observed.

PKE inhibits IL-6 and TNF-α production in LPS-induced RAW264.7 macrophages
--------------------------------------------------------------------------

TNF-α is one of the most important pro-inflammatory cytokines and induces the secretion of IL-6 \[[@B32]\]. For IL-6, elevated levels induced by LPS were suppressed following treatment with all three PKE groups ([Fig. 6](#F6){ref-type="fig"}). In particular, Mix PKE reduced IL-6 production in a dose-dependent manner. However, only the 4 mg/ml and 8 mg/ml concentrations of Veg significantly suppressed IL-6 production ([Fig. 6B](#F6){ref-type="fig"}), while the Fruit exhibited a slight, yet significant, inhibition of IL-6 production at all three concentrations applied (2, 4, and 8 mg/ml) ([Fig. 6C](#F6){ref-type="fig"}). When all three PKE groups were compared, attenuation of IL-6 production was most evident for the Mix PKE group ([Fig. 6D](#F6){ref-type="fig"}).

As shown in [Fig. 7A](#F7){ref-type="fig"}, the LPS-induced release of TNF-α decreased significantly following treatment with all three concentrations of Mix PKE. In particular, application of 8 mg/ml Mix resulted in an 81% decrease in TNF-α production. Similarly, the Fruit was associated with an inhibition of TNF-α production at all three doses ([Fig. 7C](#F7){ref-type="fig"}). In contrast, the Veg only inhibited TNF-α production at a concentration of 8 mg/ml ([Fig. 7B](#F7){ref-type="fig"}). A comparison of all three PKE groups showed that Mix induced the greatest inhibition of TNF-α production, while the Veg and Fruit PKE exhibited similar levels of inhibition ([Fig. 7D](#F7){ref-type="fig"}). Taken together, these data suggest that the PKE tested were able to inhibit the release of the pro-inflammatory mediators, IL-6 and TNF-α.

PKE inhibits LPS-induced translocation of the NF-κB p65 subunit in RAW264.7 macrophages
---------------------------------------------------------------------------------------

NF-κB is a key transcription factor which regulates the production of pro-inflammatory mediators in LPS-induced macrophages. Activation of NF-κB is also required for the expression of iNOS, COX-2, and TNF-α \[[@B7]\]. To clarify the mechanism by which PKE could inhibit LPS-induced production of NO and TNF-α, the effects of PKE on LPS-induced NF-κB was analyzed by detecting p65 subunit of NF-κB. Degradation of phosphorylated IkBα and translocation of p65 from the cytoplasm to the nucleus were also analyzed ([Fig. 8](#F8){ref-type="fig"}).

Upon LPS induction, levels of phosphorylated IkBα and nuclear p65 markedly increased. However, both of these levels decreased following treatment with Mix, Veg, and Fruit PKE. Although the treatment of Fruit and Veg groups had inhibitory effect, Mix treatment showed the most significant suppression of phosphorylated IkBα and nuclear p65. These data indicate that the PKE tested were able to inhibit the expression of pro-inflammatory mediators by regulating the NF-κB pathway in LPS-induced RAW264.7 macrophages.

DISCUSSION
==========

The Korean diet is typically low in fat and rich in whole grains, fruits, and vegetables. As such, this dietary pattern would be predicted to be beneficial for inflammatory chronic diseases \[[@B33]\]. To determine whether plant-based foods in the Korean diet mediate anti-inflammatory effects, a macrophage model was used to evaluate the production of various inflammatory mediators and cytokines in response to treatment with prepared food extracts. To identify the PKE to be tested, the KNHANES V (2009-2011) data were used to identify individual food items that represented more than 1% of the total food intake of a Korean diet. As a result, the anti-inflammatory effects of Mix, Veg, and Fruit PKE on LPS-induced RAW264.7 macrophage were examined.

It is widely known that LPS, a component of the cell envelope of gram-negative bacteria, is recognized by toll-like receptor 4 (TLR4) on cell membranes and triggers an acute and early release of pro-inflammatory mediators and responses \[[@B34]\]. Moreover, the excessive production of various cytokines has been found to be responsible for many of the clinical disorders associated with immune diseases such as rheumatoid arthritis, inflammatory bowel disease, autoimmune disease, and septic shock \[[@B35],[@B36]\]. Thus, inhibitors of the production of these cytokines and inflammatory mediators have been regarded as targets for the development of anti-inflammatory drugs. In the present study, pre-treatment with PKE was found to reduce production of NO, PGE~2~, COX-2, iNOS, IL-6, and TNF-α via NF-κB. The pro-inflammatory mediators, NO and PGE~2~ have been shown to play critical roles in inflammatory diseases. For example, NO is produced by iNOS and can generate intracellular signals that affect the function of both immune cells and tumor cells \[[@B37]\]. In the present study, all three of the PKE tested were found to significantly suppress NO production by LPS-induced macrophages. Similarly, PKE treatment was associated with a significant decrease in levels of PGE~2~, a factor which mediates inflammatory responses and is generated by the sequential enzymatic reaction of arachidonic acid by cyclooxygenases, COX-1 and COX-2 \[[@B38]\]. Moreover, the promoter region of COX-2 contains binding sites for various transcription factors, including NF-κB \[[@B39]\]. Thus, it is possible that COX-2 is modulated by various cytokines that regulate the immune response.

Pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-6 are known to be modulated by numerous inflammatory cytokines. In addition, these cytokines can mediate tissue damage and organ failure in humans \[[@B40]\]. The results of a previous study suggest that TNF-α play a key role in some types of autoimmune pulmonary inflammation in lupus-prone mice \[[@B41]\]. Moreover, TNF-α has been found to elicit physiological effects such as septic shock, inflammation, cachexia, and cytotoxicity \[[@B42]\]. IL-6 is also a pivotal pro-inflammatory cytokine that is regarded as an endogeneous mediator of LPS-induced fever \[[@B43]\]. In the present study, pre-treatment of RAW264.7 macrophage with the Mix, Veg, and Fruit PEKs tested led to an inhibition of TNF-α and IL-6 production. While the Veg and Fruit only exhibited a slightly inhibitory effect, the Mix PKE showed significant suppression of IL-6 production. Similarly, the Mix was associated with the strongest inhibition of TNF-α production. In combination, these results suggest that the anti-inflammatory activity of the PKE tested involve reducing secretion of IL-6 and TNF-α, and this could help regulate inflammatory diseases.

NF-κB is a critical regulator of numerous genes which are involved in immune and inflammation responses \[[@B44]\]. Generally, when cells are activated by inflammatory stimuli, the inhibitory protein of NF-κB is degraded and NF-κB translocates into nucleus to promote transcription of pro-inflammatory mediators \[[@B45]\]. It has been reported that several natural antioxidants, including carotenoids and polyphenol compounds such as β-carotene, lycopene, lutein, astaxanthin, curcumin, and the aflavin mediate anti-inflammatory activities by directly inhibiting the expression of the NF-κB dependent cytokines, iNOS and COX-2 \[[@B45],[@B46]\]. In the present study, the effects of the PKE generated on NF-κB activation were investigated in order to confirm the role of PKE in NF-κB signaling pathway. It was observed that accumulation of NF-κB in the nucleus was reduced followed PKE pre-treatment, despite activation by LPS. Therefore, we hypothesize that the antioxidant activity of the PKE tested inhibited the release of pro-inflammatory mediators by preventing the phsophorylation and degradation of IκBα in RAW264.7 macrophages. Consequently, activation of NF-κB p65 subunit was suppressed.

In the present study, the ability of the Mix, Veg, and Fruit PKE to inhibit the production of inflammatory mediators by LPS-induced RAW264.7 macrophages was compared. Overall, Mix PKE was consistently associated with the greatest reduction in LPS-induced, pro-inflammatory cytokines production. This observation is consistent with previous studies which demonstrated the synergistic effect of combined nutrients. For example, the combined antioxidant properties (e.g., scavenging capacity) of lycopene, vitamin E, vitamin C, and β-carotene were found to be substantially superior to that of each nutrient \[[@B47]\]. Correspondingly, the potent antioxidant and anticancer activities observed for the PKE tested are attributed to the additive and synergistic effects of phytochemicals present in plant-based foods \[[@B48]\]. Similarly, the antioxidant capacity of a Mediterranean diet is attributed to the favorable effect of mixing different foods together \[[@B49]\]. Therefore, a Korean diet, which includes the combination of several plant-based and antioxidant-rich side dishes within a single meal, has the potential to provide additive, anti-inflammation effects.

In conclusion, the PKE examined were found to exhibit anti-inflammatory activities, that were related to the suppression of NO, PGE~2~, IL-6, and TNF-α, as well as expression of COX-2 and iNOS via suppression of the NF-κB signaling pathway, in LPS-induced RAW264.7 macrophages. In particular, the anti-inflammatory efficacy of the PKE tested were maximized when macrophage were pre-treated with Mix PKE, an extract containing a mixture often plant-based food groups. Taken together, these results suggest that PKE can help attenuate inflammation mediated by activated macrophage, thereby potentially improving a host\'s response to inflammation-mediated diseases.
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SUPPLEMENTARY MATERIALS
=======================

###### Fig. S1

PEKs do not affect cell viability in RAW264.7 macrophages. Cells were treated with various doses of each PEK (2, 4, or 8 mg/ml) for 24 h. The cell numbers were counted using a hemocytometer after staining with trypan blue for enumerating viable cells. Stained and unstained cells were counted and the proportion of surviving cells was calculated for cell viability. One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Mix PKE (A), Veg PKE (B), and Fruit PKE (C) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.

![PKE inhibits production of NO in LPS-induced RAW264.7 macrophages. Cells were pretreated with each PKE for 30 min, then were incubated with LPS. After 24 h, the culture medium was collected and analyzed for NO using Griess reagent. Three independent experiments were performed and the data shown represent the mean ± SEM for absrobances recorded at 560 nm. One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Data for Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKE at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g001){#F1}

![PKE down-regulates iNOS expression in LPS-induced RAW264.7 macrophages. Cells were treated with various doses of each PKE for 24 h and were incubated with LPS for 30 min. Expression of iNOS in RAW264.7 cells was assayed using western blotting with α-tubulin used as a loading control. Data for Mix PKE (A), Veg PKE (B), Fruit PKE (C) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g002){#F2}

![PKE inhibits NO production in LPS/IFN-γ-induced RAW264.7 macrophages. Cells were pretreated with each PKE for 30 min and were incubated with LPS + IFN-γ. After 24 h, the culture medium was collected and assayed for NO production using Griess reagent. Three independent experiments were performed and the data shown represent the mean ± SEM for absorbances recorded at 560 nm. One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Data for Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKE at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g003){#F3}

![PKE inhibits PGE~2~ production in LPS-induced RAW264.7 macrophages. Cells were treated with each PKE (2, 4, or 8 mg/ml) in 24-well plates for 30 min, then were stimulated with LPS. After 24 h, cell-free culture medium was collected and analyzed for levels of PGE~2~. Absorbance values were measured at 450 nm and three independent experiments were performed. Data represent the mean ± SEM, and different letters indicate significant differences (n = 3). One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKEs at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g004){#F4}

![PKE down-regulates expression of COX-2 in LPS-induced RAW264.7 macrophages. Cells were pretreated with various doses of each PKE for 30 min and were incubated with LPS. After 24 h, levels of COX-2 were analyzed using western blotting with α-tubulin used as a loading control. Mix PKE (A), Veg PKE (B), and Fruit PKE (C) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g005){#F5}

![PKE inhibits IL-6 production in LPS-induced RAW264.7 macrophages. Cells were pretreated with each PKE (2, 4, or 8 mg/ml) in 24-well plates for 30 min, then were stimulated with LPS. After 24 h, cell-free culture medium was collected and analyzed using an IL-6 ELISA kit. Absorbances were measured at 450 nm, and three independent experiments were performed. Data represent the mean ± SEM. One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKEs at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g006){#F6}

![PKE inhibits TNF-α production in LPS-induced RAW264.7 macrophages. Cells were pretreated with each PKE (2, 4, or 8 mg/ml) in 24-well plates for 30 min, then stimulated with LPS. After 24 h, cell-free culture medium was collected and analyzed using a TNF-α ELISA kit. Absorbance values were at 450 nm recorded for three independent experiments. Data represent the mean ± SEM. One-way ANOVA was implemented using Tukey\'s post-hoc test (α = 0.05). Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKE at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g007){#F7}

![PKE inhibits IκBα phosphorylation and translocation of the NF-κB p65 subunit in LPS-induced RAW264.7 macrophages. Cells were treated with various doses of each PKE for 30 min and were incubated with LPS for 24 h. Levels of cytosolic p-IκBα and nuclear NF-κB p65 were analyzed using western blotting. Lamin A/C and α-tubulin were used as loading controls for nuclear and cytosolic proteins, respectively. Mix PKE (A), Veg PKE (B), Fruit PKE (C), and all three PKE at 8 mg/ml (D) are shown. Mix, an extract containing all ten food groups; Veg, vegetable PKE; Fruit, fruit PKE.](nrp-8-249-g008){#F8}
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